Purpose: To investigate the effect of obesity at the start of adolescence on the prevalence, incidence and maintenance of chest wheezing among individuals aged 11e15 years in a birth cohort in a developing country. Methods: The seventh follow-up of the 1993 Pelotas birth cohort occurred in 2004 (individuals aged 10e11 years). Between January and August 2008, the eighth follow-up of the cohort was conducted. All the individuals of the original cohort who were alive (who were then adolescents aged between 14 and 15 years) were targets for the study. The International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire was used to define wheezing. In addition to the body mass index (BMI), used to define obesity by the World Health Organization (WHO) criteria, we assessed skinfold thickness. Results: From the original cohort, 4,349 individuals were located (85.7% follow-up rate). The prevalence of chest wheezing at 11 and 15 years were 13.5% (95% CI: 12.5%e14.5%) and 12.1% (95% CI: 11.1%e13.1%), respectively. The prevalence of wheezing at both times was 4.5% (95% CI: 3.9% e5.1%) and the incidence of wheezing was 7.5% (95% CI: 6.7%e8.3%). Independent of the effect of various confounding variables, the prevalence of wheezing at 15 years was 50% greater among obese individuals than among eutrophic individuals at 11 years (RR 1.53; 95% CI: 1
The prevalence of wheezing in the last 12 months at 11 and 15 years old was 4.5%. The incidence of wheezing from 11 to 15 years old was 7.5%. Obesity was associated with a higher risk of wheezing in this birth cohort. Prevention and treatment of obesity in adolescence may reduce respiratory morbidity at later ages.
The incidence and prevalence of asthma symptoms remain high throughout the Western world [1] . It is estimated that the prevalence of asthma in adolescents aged 13e14 years is 18.2% in the southern region of Brazil [2] . Moreover, because of the various morbid conditions associated with obesity, the increased body mass index (BMI) observed among the young population is a matter of concern [3e5] . The effects of obesity on respiratory symptoms, illustrated long ago by Charles Dickens in "The adventures of Mr. Pickwick," have been studied for around half a century. Over recent decades, associations between obesity and asthma have begun to arouse greater discussion in the scientific media [6e8] . Today, obesity is described in the literature as one of the risk factors for asthma development, together with sex and genetic predisposition [9] . However, since a large proportion of the knowledge about this association comes from studies with a cross-sectional design, one of the most important criteria of causality, i.e., temporality, is not taken into consideration [10e16] . Systematic reviews and meta-analyses on the few longitudinal studies (which were all carried out in developed countries) have found that the risk of asthma development is up to 50% greater among obese individuals than among individuals who are considered to be eutrophic [17e19] . From assumptions that the prevalence of obesity among adult Americans was around 30% and that the risk of asthma occurrence among obese individuals was between 1.6 and 3.0. Ford et al. estimated that obesity could be responsible for around 15% to 38% of asthma cases [20] .
The high occurrence rates of obesity and asthma in this age group, the lack of longitudinal studies conducted in developing countries, and the potentially modifiable nature of risk factors for asthma symptoms attributed to obesity were the justifications for carrying out the present study. In this light, the aims of this study were to investigate the effects of obesity at the start of adolescence on the incidence, maintenance and prevalence of chest wheezing at the age of 15 years among the 1993 birth cohort of the city of Pelotas.
Method

The 1993 Pelotas (Brazil) Birth Cohort Study
In 1993, all births that occurred in all hospitals in Pelotasda city of approximately 340,000 inhabitants in the southern region of Brazildwere identified. The mothers answered a standardized questionnaire that sought information relating to the gestational period, and the newborns were weighed immediately after delivery. Since then, this population has been followed up periodically; details of the methodology used are available in other published papers [21e23].
The follow-up
The seventh follow-up occurred in 2004 (individuals aged 10e11 years). Between January and August 2008, the eighth follow-up of the cohort was conducted. All the individuals of the original cohort who were alive (who were then adolescents aged between 14 and 15 years) were targets for the study. During the fieldwork, two different teams with periodic training and standardization were used. One team was responsible for interviews conducted in homes and the other, for anthropometric evaluations made at a measurement center; only adolescents who refused to go to the center underwent anthropometric evaluations at home.
The outcomes
The questionnaire of the "International Study of Asthma and Allergies in Childhood Steering Committee" (ISAAC), which had already been validated in Brazil, was used to assess the outcome [24, 25] . Through the questions "Since <MONTH> of last year has <NAME> had chest wheezing?", which had been applied to the mother in 2004, and "Since <MONTH> of last year have you had chest wheezing?", which was applied to the adolescent in 2008, the prevalence of chest wheezing at the ages of 11 and 15 years, respectively, were determined. With the aim of evaluating the trajectory of wheezing over the follow-up periods, three main outcomes were defined: prevalence of wheezing at 15 years of age; incident wheezing (individuals whose mothers had not reported any presence of wheezing at the age of 11 years but who themselves reported at the follow-up at the age of 15 years that wheezing was occurring); and persistent wheezing (those who presented chest wheezing at both follow-ups, i.e., who continued to present wheezing). The reference categories for analyzing incident wheezing and persistent wheezing were adolescents who did not present wheezing at the ages of 11 years and 15 years, and adolescents who presented wheezing at 11 years of age but not at 15 years of age, respectively.
The anthropometric variables
The anthropometric variables of the study were defined through the means from two measurements of weight (using a Tanita digital balance with accuracy of 100 grams), height (using an aluminum stadiometer), and the triceps and subscapular skinfolds (Cescorf skinfold caliper, with accuracy of one millimeter), which were made during the follow-ups in 2004 and 2008 [26] . The BMI was then calculated in accordance with the reference values of the World Health Organization (WHO) for children and adolescents of school age [27] . These criteria classify individuals between the ages of 5 and 19 years according to the BMI Z-scores for age and sex. Because of the small number of individuals with Z-scores less than À1, the category "thin" was not used. Thus, individuals with Z-scores of up to þ1 standard deviation (SD) were considered to be "normal"; those with Z-scores greater than one and up to þ2 SDs were considered to present "overweight"; and those with Z-scores higher than þ2 SDs were considered to be "obese."
The trajectory variables
With the aim of evaluating the trajectory of obesity from 11 to 15 years of age, the variable "trajectory of obesity" was created. This was categorized as never obese (no obesity either at 11 or at 15 years of age); obese at 11 and nonobese at 15 years; nonobese at 11 years and obese at 15 years; and always obese, i.e., at both follow-up times. Through summing the triceps and subscapular skinfold values (using the means from three measurements), the variable "skinfold sum at 11 years of age" was generated, and this was subsequently categorized into tertiles. The trajectory of the skinfolds at the two follow-ups was evaluated in five categories: maintenance in the first tertile; reduction of tertile; maintenance in the middle tertile; increase of tertile; and maintenance in the upper tertile.
The confounding factors
To control for possible confounding factors, demographic characteristics (sex and self-reported skin color) and data relating to the mother's pregnancy and puerperal period that had been gathered in 1993 (maternal smoking during pregnancy, mother's age at delivery and newborn's gestational age) were used. Reasons for hospital admission during the first year of life were used as controls. The socioeconomic variable was based on changes in family income (described in terms of numbers of minimum salaries) between birth and 15 years of age and consisted of the following categories: always poor; not poor to poor; poor to not poor; never poor. At the follow-up in 2004, the following were assessed: household density, i.e., the number of people who slept in the same bedroom as the adolescent in question; the parents' smoking habit; and any family history of asthma or chest wheezing or bronchitis.
At the follow-up in 2008, the following were included as possible confounding factors: number of symptoms of gastroesophageal reflux disease (GERD) [28] seen per week and, through a confidential questionnaire, sexual maturation according to the Tanner stages (categorized sum of points relating to development of pubic hair and penis/breasts) [29, 30] . [31] . The trajectory of medical diagnoses of allergy was also ascertained (without any medical diagnosis of rhinitis or eczema at either follow-up; rhinitis or eczema at one of the follow-ups; rhinitis and eczema at both follow-ups). In addition to the above variables, breastfeedingdduring the first year of life, exclusive breastfeeding, and predominant breastfeedingd(1993e94), contact with cats or dogs (1997e98), age at menarche (2008) and use of medications over the two weeks preceding the interview (2008) were also evaluated as possible confounders.
The statistical analysis
The data were double-entered into the Epi-Info 6.0 software and were analyzed using the Stata 9.0 statistical package (StataCorp, College Station, TX). Bivariate analysis, with calculation of proportions and 95% confidence intervals (95% CI), was performed using the chi-square test for heterogeneity or linear trend. Multivariable analysis to control for possible confounding factors was performed by means of Poisson regression, with robust adjustment for variance. The results were presented as prevalence or incidence ratios and the 95% CI. Since the effect of the exposures analyzed did not differ according to sex or socioeconomic level (p for interaction >.10), it was not necessary to stratify the analyses according to these variables. The significance level for the two-tailed tests was taken to be 5%.
Ethical aspects
The parents or guardians signed an informed consent statement and assurances were provided regarding data confidentiality. The study was approved by the Research Ethics Committee of the Federal University of Pelotas, which is affiliated with the Brazilian National Research Ethics Council (CONEP).
Results
The 1993 Pelotas (Brazil) Birth Cohort Study
Out of the 5,249 members of the original cohort, 4,201 individuals were located (excluding 148 deaths), which corresponded to a follow-up rate at 15 years of age of 85.7%. Table 1 describes the distribution of the variables used for controlling for confounding factors in relation to the original cohort population and the population located at the age of 15 years. The difference in the distribution of the variables between the original cohort and cohort followed up was less than one percentage point. Among the individuals accompanied at the age of 15 years, just over half were female; most were white-skinned; one fifth had always been poor; approximately 60% were inactive at the age of 15 years; almost half of them said that they had had a medical diagnosis of allergies; and just over 80% said that they had never smoked.
Weight status and wheezingdcrude analysis
At the age of 11 years, approximately one third of the adolescents in the cohort had presented overweight or obesity ( Table 2) . At the next follow-up, less than 3% of the adolescents had become obese, while just over 6% remained obese. Almost one quarter of the adolescents remained in the upper tertile of the skinfold sum. The prevalence of chest wheezing at 11 and 15 years of age were 13.5% (95% CI: 12.5%e14.5%) and 12.1% (95% CI: 11.1%e13.1%), respectively. In relation to the adolescents who had not presented wheezing at 11 years of age, 8.7% (95% CI: 7.8%e9.6%) of the adolescents presented incident wheezing. In relation to the adolescents who had presented wheezing at 11 years of age, 33.4% (95% CI: 29.5%e37.3%) of the adolescents presented persistent wheezing. The presence of wheezing at the age of 15 years was greater among obese individuals than among nonobese individuals. Likewise, it was observed that the prevalence of wheezing at 15 years of age tended to be higher if the tertile of the skinfold sum presented at the age of 11 years had increased.
The weight status and skinfolds at 11 years of age, the trajectory of obesity and the trajectory of skinfolds from 11 to 15 years of age were not significantly associated with incident wheezing. Obese adolescents and those in the upper tertile of skinfolds presented greater occurrence of persistent wheezing. Similar to what was observed with the skinfold tertiles, persistent wheezing was present in almost one third of the eutrophic individuals and in half of the obese individuals at the start of adolescence (p ¼ .009). Approximately half of the individuals who remained obese and just over 40% of those who remained in the upper tertile of skinfolds reported having persistent wheezing.
Weight status and wheezingdadjusted analysis Table 3 shows that the prevalence of wheezing at the age of 15 years was 50% greater among the obese individuals than among the eutrophic individuals at the age of 11 years (p ¼ .004). The higher the skinfold tertile at 11 years of age, the greater the prevalence of wheezing at 15 years of age (p ¼ .011). Both in the crude and in the adjusted analysis, weight status and skinfolds were not associated with incident wheezing. After controlling for confounding factors, the risk of persistent wheezing among obese individuals at the age of 11 years almost doubled. Moreover, it was observed that negative confounding occurred in most of the analyses, since the adjusted effect estimate was greater than the crude measurement. Individuals who remained obese presented a chance of persistent wheezing that was approximately 80% greater (independent of the effects of, for example, sex, smoking, histories of allergies, and sexual development) than what was seen among individuals who remained eutrophic (p ¼ .011). Again, a similar effect was observed between the skinfold categories at 11 years of age and the trajectory of skinfolds.
The variables of breastfeeding, contact with cats or dogs, and age at menarche did not present significant associations with weight status and the outcomes under assessment. At the age of 15 years, 37% of the adolescents reported that they had used some type of medication within the last 15 days preceding the interview. Corticosteroid use was reported by only 41 adolescents (.9%) and did not affect the estimates.
Discussion
In this birth cohort conducted in a developing country that followed up adolescents from 11 to 15 years of age, it was observed that obesity at the start of adolescence was associated with occurrences of wheezing at 11 and 15 years of age and with maintenance of wheezing from 11 to 15 years of age, independent of various mediating and confounding factors. No association between obesity at the start of adolescence and incident wheezing was observed.
These findings gain importance because they came from a population-based cohort that had been followed up at different times, with low numbers of losses over the 15 years, as demonstrated in Table 1 . In the present study, the chance of residual confounding was low because not only were the main factors described in the literature as capable of mediating or confounding the association between obesity and wheezing taken into account, but also the confounding observed was basically negative. It should also be emphasized that, in accordance with guidance from WHO, quality control on BMI and skinfold measurements was performed through standardization and refreshment throughout the fieldwork, which enabled an adequate assessment of the presence of obesity.
On the other hand, we cannot fail to highlight the main limitation of this study, which related to the diagnosing of asthma. The definition of asthma put forward by the Global Initiative for Asthma (GINA), i.e., that this is a disease with the presence of chronic inflammation, hyperresponsiveness of the lower airways and airflow limitations that are reversible either spontaneously or in response to use of a bronchodilator, is unviable from an epidemiological point of view [32] . Because of this, the diagnosing of asthma (which has repeatedly been cited as the main limitation of studies) was done through medical diagnostic reports or through self-reported symptoms or use of medications for asthma. In order to identify individuals presenting wheezing, which is the main symptom of asthma, it was decided to apply the ISAAC questionnaire (which has been validated in several countries, including Brazil) because applying it in epidemiological studies is feasible and its findings can be compared with results already reported in the literature [24, 33] . Because of the limitations related to diagnosing asthma, the term "chest wheezing" was used as an outcome in the present study, which corresponds to the description in the instrument used.
The presence of respiratory symptoms among obese individuals, even in the absence of airflow obstruction or hyperreactivity, may lead to errors in diagnosing asthma (misdiagnosis) in such populations [34] . In the present study, among the individuals who reported having received a medical diagnosis of asthma during the preceding year, the proportions of reports of chest wheezing were similar among normal, overweight, and obese individuals: 33%, 36%, and 37%, respectively (data not shown). Thus, weight status is not believed to have interfered with the association between wheezing and the medical diagnosis of asthma. This observation is in agreement with Aaron et al. [35] , who suggested that with the exception of symptoms reported in visits to the emergency services, a situation in which the chance of misdiagnosing asthma is four times greater among obese individuals, overdiagnosing of asthma occurs similarly among obese and nonobese individuals [35, 36] . Therefore, it is unlikely that the association between obesity and respiratory symptoms gave rise to any differential error regarding occurrences of chest wheezing. Given that corticosteroid use is associated both with asthma and with obesity, it has been debated in the literature whether using this medication (which is preferred for treating persistent asthma) might not be a confounding factor [32] . In the present study, inclusion of the variable of corticosteroid use in the analysis model produced negative confounding, i.e., the measurements of the effect of obesity on occurrences of wheezing increased after adjustment for this variable. However, in agreement with another study conducted in Latin America, where the use of inhaled corticosteroids was low, less than 1% of the adolescents in this cohort reported having made use of this medication. As the proportion of inhaled corticosteroid use was similar between obese and nonobese patients, we decided to exclude this variable from the model [37] .
Over the years, cross-sectional and case-control studies have consistently demonstrated, among a variety of populations and ages, especially in adults, that there is an association, often with dose-response effects, between increased BMI and occurrences of respiratory symptoms [20,38e40] . In our study, it was observed that obesity at the age of 11 years presented an association with wheezing at this age. However, obesity at the age of 15 years did not present an association with the prevalence of wheezing at the age of 15 years (data not show). These findings may suggest that obesity has greater influence during childhood and at the start of adolescence, regarding occurrences of asthma [41, 42] . However, cross-sectional analyses have a limited capacity for affirming causality.
In a longitudinal study, Chinn and Rona observed that children who were obese at 5e6 years of age presented a risk of asthma at 10e11 years of age that was four times greater than shown by those with normal BMI at the start of the follow-up [42] . In the same paper, these authors emphasized the possibility that an epiphenomenon might have occurred, because certain risk factors were shared and because of the perception that the prevalence of these two conditions tended to increase in parallel [42] . Subsequently, the same authors further suggested that asthma might cause obesity through the use of medications, social stigma, and low physical capacity [43] . However, other longitudinal studies carried out in developed countries have suggested that obesity should be taken to be a risk factor for incident and persistent asthma [41, 44, 45] .
In the present study, following up individuals from the start of adolescence to the age of 15 years made it possible to investigate certain facets of the association between obesity and wheezing. With the specific objective of investigating the possibility of bidirectionality, a stratified analysis on the trajectory of wheezing from 11 to 15 years of age was used to evaluate the risk of occurrence of obesity at 15 years of age (Figure 1 ). It was observed that since the risk of being obese did not differ between the categories of wheezing, occurrences of asthma at the start of adolescence did not seem to alter the natural history of obesity. This observation reinforces the direction of the association between obesity and asthma, thus suggesting that the causal chain during adolescence is unidirectional.
After the unidirectional nature of the relationship had been confirmed, the effect of obesity on wheezing was investigated. Longitudinal analysis showed that the risk of persistent wheezing (which was present in one third of the adolescents with wheezing at the age of 11 years) was 80% greater among obese individuals than among eutrophic individuals, after controlling for confounding factors. In agreement with the literature, this suggests that obesity is associated with maintenance and severity of asthma [44, 46, 47] . However, contrary to some studies [45, 48] , no association was observed between obesity at the start of adolescence and incident asthma. The time of life at which obesity has greatest impact on the risk of asthma development may be one of the key points in this question. In the cohort, the effect of obesity at 11 years of age on maintenance of wheezing occurred independently of obesity at the age of four years (data not shown) and at 15 years, confounding and mediating factors, respectively. In addition, after controlling for these factors, it was observed that individuals who were obese at the age of 11 years presented a risk of persistent wheezing that was almost three times greater (RR 2.8; 95% CI: 1.7e4.7) than among eutrophic individuals (data not shown). These data may suggest that the most sensitive time is the start of adolescence: a period that is characterized by intense hormonal and metabolic transformation. Some authors have investigated an association between early menarche and asthma symptoms, and the effect of obesity on this relationship [44, 49] . In the present study, the association between obesity and persistent wheezing occurred independently of the degree of sexual maturity at the age of 11 years. In fact, the controls increased risk from 50% to 60% among the obese 11 year olds. On the other hand, these data do not rule out the possibility that the lack of any association may have been due to the need for a longer follow-up period for respiratory symptoms to develop. The finding that obesity precedes asthma led us to investigate whether the effect observed might not have occurred because of some other confounding factor. Given that many conditions have been recognized as associated with developing and triggering asthma [9] , it is understandable that lack of control for several of these might frequently be cited as limitations in studies on obesity and asthma. In the present study, controlling for potential confounding factors helped to clarify some of the doubts in the literature. It could be seen that negative confounding existed, independent of the combined effect of variables such as: sex, trajectory of family income, exposure to certain allergens, exposure to smoking, physical activity, histories of allergy, respiratory illnesses and reflux symptoms. This was shown by the fact that inclusion of these variables in the model caused an increase in the risks of wheezing associated with obesity. Inclusion of breastfeeding and contact with cats and dogs separately in the model also produced negative confounding (data not shown).
In practically all the analyses, there was consistency between the results found for the exposure variables (WHO weight status and skinfold tertile) and the wheezing variables. It was observed that in relation to the reference categories, not only the individuals who were obese or in the upper tertile of skinfolds at 11 years of age, but also those who remained obese or remained in the upper tertile of skinfolds between the follow-ups, presented a greater risk of persistent wheezing.
Several hypotheses have sought to explain the mechanisms through which obesity is associated with asthma. It has been suggested that the asthma phenotype might be affected by obesity through direct mechanical effects, increased immune response, genetic mechanisms, or hormonal influences [50, 51] . However, because of the reduction in lung volume, lack of eosinophilic inflammatory response, and differences in therapeutic response, with resistance to corticosteroids and greater difficulty in achieving control, Beuther proposed that asthma in obese individuals should be considered to be a new phenotype [52] . Environmental factors such as physical activity, diet, and birth weight may be connected with obesity, and combinations of these factors with genetic susceptibility may cause increased risk of asthma [53e55]. However, more than being a risk factor in isolation, obesity may be a lifestyle marker, insofar as the environment within which obese individuals live (diet, lack of exercise, and lower physical capacity) may explain the presence and/ or worsening of asthma symptoms [42, 56] . To expand the approach towards the public health problem of asthma, Brisbon et al. proposed that the concept of the built environment should include not only the air quality but also personal attitudes and diet [57] .
Worldwide, occurrence of obesity and asthma in adult populations has reached epidemic proportions, becoming a great concern for the scientific community [1, 58] . Within this population, measures targeting weight loss have caused reduction in the occurrence of asthma symptoms and severity [59, 60] . Considering that overweight or obese adolescents have a higher risk of obesity in adulthood in relation to nonobese, we must focus on preventive measures in the former population [61] . Therefore, particularly at early adolescence, obesity should be considered a modifiable risk factor that may contribute to reducing the occurrence and persistence of asthma.
